1 Methods
Reaction assembly and DNA sequences
Reaction was assembled as described in (1 ) . Oligonucleotides sequences are displayed in Table S1 . Template strands (T and R) were HPLC purified and trigger strands (A) were desalted. For reasons independent of the experiments presented here, minor and inconsequential differences exist between the templates used for the different experiments. These differences are clearly mentioned in the table.
Table S1: DNA sequences with modifications. PTOs are marked with an asterisk * and phosphates with p. bt stands for biotin. When biotin-modified oligonucleotides were used, streptavidin was added (200nM in binding sites). Acryd for acrydite modification. For reasons independent of the experiments presented here, minor and inconsequential differences exist between the templates used for the different experiments. Figure S1: Mechanism of the bistable network
Synthesis of LPA-DNA conjugate
To synthesize DNA attached to linear polyacrylamide (LPA), we purchase DNA with a 5'acrydite modification (see scheme of the copolymerization Figure S13a ). To start the polymerization reaction of the monomeric acrylamide, tetramethylethylenediamine (TEMED) and ammonium persulfate (APS) are used. Since oxygen can interfere with the reaction, the reaction was done in an argon atmosphere according to the following protocol ( Figure S2 ):
1. Prepare in a Florence flask a 0.5 ml aqueous solution containing 0.12% w/v TEMED, 30 µM of the acrydite modified DNA and 20% w/w acrylamide. Add a magnetic stirrer.
2. In a second flask, prepare 0.12% w/v APS in water. Only 0.5 ml will be needed, but adding some dead volume is recommended.
3. Close both flasks with septums and use syringe needles to create an argon atmosphere in the flasks. One needle is used to flow argon directly into the solution, another needle is used as outflow for the pressure. This is done for 2 to 3 minutes, then the inflow needles are removed. It is important to use separate sets of needles for the flask, to not accidentally start the reaction.
Stir the acrylamide solution described in
Step 1 with the magnetic stirrer. Take a syringe, fill it with argon and empty it to remove oxygen. Again, fill in a small volume of argon, suck in 0.5 ml of the APS solution described in Step 2 and suck in some extra argon. Inject the mix into the acrylamide solution under constant stirring. The viscosity should change quickly and the magnet might be stuck.
5.
To ensure that there is no oxygen, flow again some argon for 2 to 3 minutes and then use a balloon filled with argon to maintain the argon atmosphere even if there are small leaks. Let the reaction proceed over night. The final solution might contain unreacted acrydite strands or strands with only small LPA attachements, for example due to cyclization. We use electro elution to remove those strands. For electroelution we use a lab-built device, with a 50 mm wide chamber that is sandwiched between two porous membranes with 0.22 µm diameter holes. 98 µl of the LPA-DNA solution is mixed with 2 µl 50xTAE buffer and filled into the chamber. Each membranes separates the chamber from a tank containing 3.5 ml 1xTAE buffer. We put an electrode into each tank and run a current of 3 mA, resulting in a voltage of approximately 50-80 V. After electro elution, the TAE buffer is exchanged with Amicon centrifugal filters Ultracel (10 K). Since it is expected that DNA is removed during electro elution, the volume is not brought back to the initial volume. Water is added until a consistency is reached that allows pipetting without problems. In the end, the concentration of DNA is measured with a nanodrop device. Since LPA also absorbs at a wavelength of 260 nm a pure LPA reference sample is used. 
Microscopy imaging
DNA concentration over space and time was measured by fluorescence. Two strategies can be used.
-The first one relies on DNA labeling. The fluorescence of a dye, typically attached to the 3'-end of a DNA strand, will shift due to quenching when a complementary sequence will hybridize. Activity of different templates can thus be recorded independently as long as different fluorophores are used for each template. We didn't use this quenching method in this work, but the initial gradient of R was visualized through a Cy5 dye attached to the 3'-end of the strand.
-The second one takes advantage of intercalating dyes. In the presence of dsDNA, the fluorescence of EvaGreen dye for instance is drastically increased compared to the fluorescence of ssDNA. While non-specific (the total amount of dsDNA is monitored), this method is well suited when experiments are performed at constant temperature with a single produced specie. In addition, low concentration of dye is needed, which limits the change in the melting temperature of the dsDNA.
In our experiments, the autocatalytic production of A, supported by template T, was monitored using 1x EvaGreen dye. The fluorescence induced by A hybridized to R is con- Contiguous images were recorded automatically every 1 to 20 minutes using a 2.5 × objective to get an entire view of the capillaries after stitching. The kymographs were obtained by averaging the fluorescence images over the width of the capillary and then stacking these profiles over time.
Gradient generation protocol
To create a gradient of DNA strand R in a homogeneous solution of all other species, two solutions were prepared, one with R and the other without. A micropipette was connected to a rectangular glass capillary (Vitrocom) through a PDMS connector, as depicted in Figure   S3 . The capillary was first filled with the solution containing no R. Subsequently, the end of the capillary was dipped into the reaction solution containing R. Micropipette up-anddown pumps of a volume in the order of a quarter of the total volume of the capillary were performed to create the gradient by Taylor dispersion. Figure S3 : Photograph of the setup used to generate a gradient inside a capillary through back and forth pipetting. As illustrated in Figure S4 , 30 up-and-down pumps allows to get a smooth gradient of DNA but, because of a reduced diffusion, the gradient is less smooth when DNA is bound to LPA. The slow diffusion of DNA-LPA conjugate makes it difficult to prepare a smooth gradient by hand as more than 50 up-and-down pumps are needed. For convenience, instead of using a manual pipette, we automatized the gradient generation using a programmable syringe pump (Nemesys, CETONI GmbH, Germany) and the same PDMS connector. Supplementary Movie S1 shows the automated preparation of a methylene blue dye gradient in a 2 × 0.2 × 50 mm capillary.
The same protocol was used to mold low gelling agarose (Sigma A9539, low EEO) with embedded DNA/enzyme solutions and underlying DNA gradient as detailed in the main text.
2% agarose gel diluted in 2x concentrated active solution were typically used and mixed in a 1/1 ratio before being used to prepare the gradient. 1 × 1 × 50 mm capillaries were used to finally get pieces of gel that can be easily handled by hand. Figure S4 : Fluorescence intensity profiles of gradients obtained with 30 up-and-down pumps with DNA and DNA attached to LPA.
2 Stability of the enzymes after temperature perturbation Experiments performed in agarose gel require heating the DNA/enzyme solution to 60 o C during a few minutes to keep the gel liquid during the loading and the gradient preparation.
We designed three experiments to test the enzyme activity following an incubation at high temperature: replication, degradation and nicking assays.
The replication experiment consists of adding 100 nM of DNA template T to a preincubated solution that contains polymerase and nicking enzyme. The degradation assay consists of adding 1 µM of an unprotected 16-mer DNA to a preincubated solution that contains exonuclease. The nicking enzyme assay consists of adding 1uM of a specific hairpin DNA with a dye-quencher modification -FAM-CGCTCGTGGATCCAGAAAAAAAAAACTGGATCCACGAGCG-Dabcyl, that will be nicked to release a fluorescent strand -to a preincubated solution that contains nicking enzyme.
As shown Figure S5 , after a 17 hours incubation at 61 o C, replication, degradation and nicking dynamics are similar to the experiments without incubation. We confirmed the enzyme activity is only affected for very long incubation time, and that gel preparation requirements -a few minutes -doesn't affect the DNA toolbox. 
Parasite suppression strategy
Our method to prevent the formation of parasite strands in an exponential amplification reaction by suppressing untemplated replication relies on specific nicking enzymes such as Nb.BssSI that bears only three types of bases on each of the strands of the recognition site.
As shown in Figure S6 , fully functional replication templates (template T) can be designed using A C G bases only, that will produce DNA strands containing T G C bases only (product A). In the absence of dATP in the buffer, any parasitic strands formed will not contain the A base. They will therefore not carry the nicking enzyme recognition site and will not be replicated exponentially, unlike the replicate A. 
Quantification of evaporation
In solution -We estimated evaporation by measuring the volume of mineral oil entering the capillary during a 7-day experiment at 44 o C. After 7 days, 1.5% of the capillary was evaporated. Figure S7 : Evaporation during a 7-day experiment at 44 o C. The fluorescence intensity inside the capillary increases not because of evaporation but because of the diffusion of a fluorescent DNA gradient.
In gel -We estimated evaporation by measuring the surface of a gel during a 32 hours experiment at 44 o C. From the surface measurements and considering an isotropic contraction, we found the volume of the gel was linearly decreasing by 14% in 24 hours. 
Underlying gradient diffusion with and without LPA
The experiment in Figure 4a in the main text shows that the stability of the band pattern is not maintained if the underlying gradient DNA strands are not copolymerized with linear polyacrylamide chains. Figure S11 shows the diffusion of the gradient with and without LPA attached to the DNA after 10 minutes, 50 hours and 125 hours. Note the gradient recorded here is similar, but doesn't correspond to the experiment in the main text as fluorescence images of both the gradient and the produced DNA are difficult to acquire simultaneously. Figure S12 shows that all three samples had one main peak in a similar range of elution volumes:
7.1 − 10.8, 7 − 11.3 and 6.8 − 9 mL, for LPA-DNA, M n = 0.1 − 0.2 LPA and M w = 5 − 6 MDa LPA, respectively. However, lower weight LPA displayed a smaller peak at higher elution volumes (smaller M w ) while the higher weight LPA had a broad peak at very low elution volumes (high molecular weights) and the LPA-DNA displayed a single rectangular peak.
We concluded that the weight distribution of the commercial samples is too wide and difficult to rely to the M n and M w values provided by the manufacturer to serve as molecular weight standards. To estimate the M w of LPA-DNA we thus relied on the theoretical calibration curve of elution volume V el vs. molecular weight M w , log(M w ) = −0.2V el + 7.8, provided by the manufacturer of the column. With this we conclude that the LPA-DNA conjugate that we synthesized had a molecular weight in the range 0.3 − 2 MDa. 10 Interaction between gels of different composition and size Figure S14 : Autonomous hydrogels exchange chemical information when brought into contact. Time-lapse fluorescent images showing the evolution over time of gels of different composition and size, brought into contact. Gels with high concentration of repressor R that do not allow production of A when left alone, and gels with low concentration of repressor R that support the autocatalytic production of A when left alone were brought into contact. Chemical exchanges by diffusion finally imply that the size ratio of the two gels in contact determines the final state (low A, high A). 
From the diffusion coefficient
Most parameters were extracted from previous experiments and publications, d and k W of f were adjusted by hand. The initial gradient is a polynomial fit of an experimental fluorescent DNA gradient. Since selfstart is not part of the model, a homogenous distribution of 1 nM
A was used as initial condition.
D A = 1.23 · 10 −2 mm 2 · min −1 D T = 7.20 · 10 −3 mm 2 · min −1 D R = 3.00 · 10 −4 mm 2 · min −1 when bound to LPA or 1.00 · 10 −2 mm 2 · min −1 when unbound. The model reduces the complexity of the experimental system in several ways:
1. In the model, T only binds a single A.
2. Dehybridization of T and A is described by a single off-rate k A of f . This does not take into account that the template is asymmetric and that the k of f rate on the 5'-end of the template changes when strand displacement comes into play.
3.
A bound to T produces free A in a one-step process. Experimentally, this step consists of elongation, nicking and dehybridization/strand displacement.
4. For the creation of A from T A and the conversion of R A to R W , the same rate r is used. The second reaction should in principle be faster, since it is a one-step process facilitated by the polymerase, whereas the first reaction consists of the three steps mentioned above.
Degradation by exonuclease does not saturate.
The described differences do not constitute an exhaustive list, but include reactions that could be implemented rather easily at the cost of adding complexity to the model. Other effects that are harder to capture are surface effects, change of enzymatic function over time due to changed dNTP and pyrophosphate concentration or denaturation of enzymes in the long-term experiments. In addition, when A is bound to the 3'-end of T, it has two unbound nucleotides that might be cleaved off by exonuclease, resulting in changes in k A of f and k W of f .
The full code is available upon request.
